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Silica sols, a process for the production of silica sols 

and use of the sols 

The present invention relates to new silica sols, to 
a process suitable for the production of the sols and to 
5 the use of the new sols in the production of paper. More 
particularly the invention relates to new silica sols 
which have particles with a high specific surface area and 
which have a fairly low molar ratio Si0 2 to M 2 0, ie a 
fairly high excess of alkali. The new sols are particularly 

10 suitable for use in the production of paper as additives 
in combination with cationic polymers. 

Silica sols, which term is used herein for silica 
hydrosols, are aqueous systems with very small silica 
particles which can be used in several fields of applica- 

15 tion, among other things dependent on the particle size. At 
the production of paper silica based sols with anionic 
particles have gained an increased utilization during the 
last few years. The silica sols are here used as additives 
to the stock in combination with cationic polymers, primar- 

2 0 ily to increase retention and dewatering at papermaking. In 
the European patent 41056 is for example disclosed the use 
of colloidal silica sols in combination with cationic 
starch in the production of paper. It is stated in a 
general manner that the silica particles have a specific 

25 surface area within the range of from 50 to 1000 m 2 /g. It 
is further generally stated for the sols that they have 
been stabilized with alkali to a molar ratio of Si0 2 to M 2 0 
of 10:1 to 300:1, and preferably to a ratio of 15:1 to 
100:1. The at production of paper commercially used sols 

30 are of the type which have a colloidal particles with a 
particle size usually from about 4 to about 7 nm, ie a 
specific surface area of from about 700 to about 300 m 2 /g 
and above all sols with particles having a specific surface 
area of about 500 m 2 /g have been used commercially, it has 

35 generally been considered that sols with colloidal par- 
ticles of the above given size have given the best results 
and they have also been .preferred with regard to their 
stability. The commercial sols, have usually had a molar 
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ratio Si0 2 to M2O of about 40:1, ie they have been stabil- 
ized with smaller amounts of alkali. Attempts have been 
made, as evident from the mentioned European patent, to 
prepare silica sols with particles which have a high 
5 specific surface area. However, these have not been suffi- 
ciently stable to be used on a larger scale. 

According to the present invention it has been found 
that silica sols with particles which have a high specific 
surface area are stable and that the high specific surface 

10 area can be maintained within a high range for sufficiently 
long times to enable commercial handling through the fact 
that the sols have a certain molar ratio Si0 2 to M 2 0. 

The present invention thus relates to new silica sols 
which are characteristic in that they contain particles 

15 which have a comparatively high specific surface area and 
in that they have a comparatively low molar ratio Si0 2 to 
M 2 0 (where M stands for alkali metal ion and"/ or ammonium 
ion and M preferably means a sodium ion) , ie a comparative- 
ly high alkali content. It has been found that these sols 

20 which contain anionic particles are useful at the produc- 
tion of paper and similar products and that they hereby, in 
combination with cationic polymers, give very good improve- 
ment of retention and dewatering. In addition to silica 
sols as defined in the appended claims the present inven- 

25 tion also relates to a process for the production of silica 
sols and to the use of the sols, as defined in the appended 
claims . 

As has been mentioned above, the present silica sols 
are characteristic in that the silica particles have a 

30 comparatively high specific surface area and this is within 
the range of from 700 to 1200 m 2 /g. The given specific 
surface area has been measured by means of titration with 
NaOH according to the method described by Sears in Analyti- 
cal Chemistry 28(1956) :12, 1981-1983. The silica sols 

35 according to the invention are further characteristic in 
that they have a comparatively low molar ratio Si0 2 to 
M 2 0, within the range of from 6:1 to 12:1, and suitably 
within the range of from 7:1 to 10:1. As the sols have the 
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given molar ratio Si0 2 to M 2 0 , ie a large excess of alkali, 
they are stable both towards gelation and towards sub- 
stantial decrease of the specific surface area for suffi- 
ciently long times so that they can be handled, transported 
5 and used in a commercial manner and this at concentrations 
which are suitable with regard to these aspects. The molar 
ratio must not be below 6:1 with regard to the risk for 
gelation which arises if this limit is passed. The limit 
12:1 is essential for maintaining the high specific surface 
area of the particles. The present sols suitably have a dry 
substance content, calculated as Si0 2 , of from about 3 to 
about 15 per cent by weight, and they preferably have a dry 
substance content within the range of from 5 to 12 per cent 
by weight. 

15 _ The sols according to the invention can be prepared 
starting from conventional alkali water glasses, potassium 
or sodium water glass, preferably from sodium water glass. 
The mole ratio of Si0 2 to Na 2 0 or K 2 0, in the water glass 
can, as per se known, be within the range of from 1.5 :i to 
20 4.5:1 and is preferably within the range of from 3.2:1 to 
3.9:1. A diluted solution of the water glass is utilized 
and this suitably has an Si0 2 content of from about 3 to 
about 12 per cent by weight, preferably from about 5 to 
about 10 per cent by weight. The water glass solution which 
25 usually has a P H around 13, or above 13, is acidified to a 
PH of from about l to about 4. The acidification can be 
carried out in per se known manner by addition of mineral 
acids, such as for example sulfuric acid, hydrochloric 
acid and phosphoric acid or optionally with other known 
chemicals for acidification of water glass such as ammonium 
sulfate and carbon dioxide. However, it is preferred that 
the acidification is carried out by means of acid cation 
exchangers which among other things lead to more stable 
products and give almost sodium free acid sols. The acidi- 
35 fication is preferably carried out by means of strongly 
acid cation exchange resin, for example of sulfonic acid 
type, it is preferred that the acidification is carried out 
to a pH of from about 2 . 0 to 4,0 and most preferably from 
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about 2.2 to about 3.0. After acidification an alkalization 
of the acid sol is carried out to the given molar ratio 
Si02 to M 2 0. The obtained sol will hereby normally get a pH 
value above 10.5. The alkalization can be carried out with 
5 conventional alkali such as sodium, potassium or ammonium 
hydroxide. It is, however, preferred that alkalization is 
carried out by addition of water glass. Potassium and 
sodium water glass, particularly sodium water glass, with a 
mole ratio of Si02 to M 2 0 as above described is used in 
10 this alkalization step. The Si0 2 content in the water glass 
solution used for the alkalization is not critical but is 
decided with regard to the desired dry substance content. 
The Si0 2 content is suitably within the range of from about 
5 to about 35 per cent by weight and preferably within the 
15 range of from 10 to 30. The acid sol has particles with a 
high specific surface area, above 1000 m 2 /g and usually 
around 1300 m 2 /g. After the alkalization a particle growth 
starts and thus a decrease of the specific surface area. 
However, since the sols have the given molar ratio Si0 2 to 
20 M 2 0 the surface area area will be stabilized within the 
given range after a fairly short period of time, about a 
week, and be stable within this range for longer times, at 
least two months. According to the process silica sols with 
dry contents of from about 3 to about 15 per cent by 
25 weight, and suitably of from about 5 to about 12 per cent 
by weight, can be prepared. 

The new sols, with anionic particles, according to 
the invention are particularly suitable at the production 
of paper. The present invention also relates to this use of 
30 the sols. As mentioned by way of introduction it is well 
known to use silica based sols in combination with cationic 
polymers at the production of paper, primarily in order to 
improve retention and drainage. The present silica sols 
are used in corresponding manner as earlier known for 
35 silica sols with anionic particles and they give, in 
combination with cationic polymers, a substantial improve- 
ment of retention and dewatering at paper production. Very 
good retention and dewatering results are obtained as a 
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result of the high specific surface area of the sols. The 
improved dewatering also means that the speed of the paper 
machine can be increased and further that less water need 
to be dried off in the press and drying sections of the 
5 paper machine and an economically substantially improved 
paper production process is hereby obtained. The very much 
decreased sol dosage, calculated as Si0 2 , required to 
obtain corresponding results as with commercial sols should 
be particularly mentioned. 
10 The present invention thus also relates to a method 

for the production of paper having the characteristic 
features set out in the claims. As cationic polymer accord- 
ing to the invention such polymers which are conventionally 
used in paper production as retention and/or wet strength 
15 agent are suitable and they can be natural, ie based on 
carbohydrates, or synthetic. As examples of suitable 
cationic polymers can be mentioned cationic starch, cat- 
ionic guar gum, cationic polyacrylamides , polyethylene- 
imines, polyamidoamines and poly ( diallyldimethyl ammonium 
chloride). The cationic polymers can be used separately or 
in combination with each other. Preferred cationic polymers 
are cationic starch and cationic polyacrylamide . According 
to a particularly preferred embodiment the silica sols are 
used in combination with both cationic starch and cationic 
synthetic polymer and particularly then cationic polyacryl- 
amide. 

The amount of silica sol and cationic polymer at 
paper production according to the present invention can 
vary within wide limits depending, among other things, on 
type of stock, presence of fillers and other conditions. 
The amount of sol should suitably be at least 0.01 kg/t, 
calculated as Si0 2 on dry fibers and optional fillers, and 
is suitably within the range of from 0.05 kg/ton to 5 
kg/ton and preferably within the range of from o.l to 2 
35 kg/ton. The sol is suitably added to the stock with dry 
contents within the range of from 0 . 1 to 5 per cent by 
weight. The amount of cationic polymer is to a high degree 
dependent on the type of polymer and on other effects 
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aesired from the polymer. For synthetic cat ionic polymers 
usually at least 0.01 kg/ton is used, calculated as dry on 
dry fibers and optional fillers. Suitably amounts of from 
0.01 to 3 and preferably of from 0.0 3 to 2 kg/ton are used. 
5 For cationic polymers based on carbohydrates such as 
cationic starch and cationic guar gum amounts of at least 
0.1 kg/ton, calculated as dry on dry fibers and optional 
fillers, are usually used. For these polymers amounts of 
from 0.5 to 30 kg/ton are suitably used and preferably from 
10 1 to 15 kg/ton. The weight ratio of cationic polymer to sol 
calculated as Si0 2 should suitably be at least 0.01:1 and 
suitably at least 0.2:1. The upper limit for cationic 
polymer is primarily a question of economy and of charge. 
For polymers with lower cationicity such as cationic 
15 starch, alone or in combination with other cationic poly- 
mers, very high amounts can thus be used, up to a ratio of 
100:1 and higher, and the limit is mainly decided with 
regard to economy. For most systems suitable ratios cat- 
ionic polymer to sol, calculated as Si0 2 , is within the 
20 range of from 0.2:1 to 100:1. When the silica sol is used 
together with a combination of cationic starch and cationic 
synthetic polymer, and preferably cationic polyacrylamide , 
the weight ratio between the two latter is suitably within 
the range of from 0.5:1 to 200:1 and preferably within the 
25 range of from 2:1 to 100:1. The present silica sols can of 
course be used in the production of paper in combination 
with paper chemicals which are conventional in papermaking 
such as hydrophobing agents, dry strength agents, wet 
strength agents etc. It is particularly suitable to utilize 
30 aluminum compounds in combination with the present sols and 
cationic polymers since it has been found that aluminum 
compounds can give an additional improvement of retention 
and dewatering. Any aluminum compound per se known for use 
in papermaking can be utilized, eg alum, polyaluminum 
35 compounds, aluminates, aluminum chloride and aluminum 
nitrate. Also the amount of aluminum compound can vary 
within wide limits and it is suitable to use the aluminum 
compound in a weight ratio to the sol, calculated as Si0 2 , 
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of at least 0.01:1, whereby the aluminum compound has been 
calculated as Al 2 0 3 . The ratio should suitably not exceed 
3:1 and is preferably within the range of from 0.02:1 to 
1-5:1. The polyaluminum compounds can for example be 
5 polyaluminum chlorides, polyaluminum sulfates and polyalu- 
minum compounds containing both chloride and sulfate ions. 
The polyaluminum compounds may also contain other anions 
than chloride ions, for example anions from sulfuric acid, 
phosphoric acid, organic acids such as citric acid and 
10 oxalic acid. 

The silica sols and the cationic polymers can be 
utilized at the production of paper from different kinds of 
stocks of cellulose containing fibers and the stocks should 
suitably contain at least 50 per cent by weight of such 

15 fibers, calculated on dry material. The components can for 
example be used as additives to stocks from fibers from 
chemical pulp, such as sulphate and sulphite pulp, thermo- 
mechanical pulp, refiner mechanical pulp or groundwood 
pulp, from as well hardwood as softwood and can also be 

20 used for stocks based on recycled fibers. The stocks can 
also contain mineral fillers of conventional types such as 
kaolin, titanium dioxide, gypsum, chalk and talcum. The 
terms paper and paper production which are used herein do 
of course include not only paper but also other cellulose 

25 fiber containing products in sheet or web form, such as 
pulp sheets, board and paper board and their production. 

The sols can be utilized within a wide pH range at 
paper production. The best effects are, however, obtained 
under neutral or alkaline conditions. It is thus preferred 

30 that the sol are utilized in paper production where the pH 
of the stock is 6 or higher. Even if any order of addition 
can be used it is preferred that the cationic polymer is 
added before the sol. If both cationic starch and cationic 
synthetic polymer are used it is preferred that they are 

35 added in this order. 

The present invention is further illustrated in the 
following examples which, however, are not intended to 
limit the same. Parts and per cent relate to parts by 
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weight and per cent by weight, respectively, unless other- 
wise stated. 
Example 1A-1C 

In these examples the preparation of the new sols is 
5 described. 
Example 1A 

5000 g of a water glass solution with a molar ratio 
Si02 to Na20 of 3.49:1 and an Si02 content of 5.75% was ion 
exchanged by pumping it through a column filled with cation 

10 ion exchange resin Amberlite IR-120. 

To 1000 g of the obtained acid sol with an SiC>2 
content of 5.58% 146 g of a water glass solution with a 
molar ratio of 3.49:1 and an SiC>2 content of 24.8% were 
added under stirring. 

15 The obtained sol A had a final molar ratio Si02 to 

Na 2 0 of 8.8:1 and the specific surface area of the par- 
ticles, measured after a week, was 1010 m 2 /g.' The sol was 
stable towards gelation for several months. The specific 
surface area of the particles was measured after about 1 

20 month and was then about 920 m 2 /g. When measured after 
about 2 months the specific surface area was still as high 
as 875 m 2 /g. 
Example IB 

A water glass solution was ion exchanged in a column 
25 according to Example 1A so that an acid sol with an SiC>2 
content of 4.84% was obtained. To 900 kg of the acid sol 
97.5 kg of a water glass solution with an SiC>2 content of 
24.8% and a molar ratio SiC>2 to Na20 of 3.49 were added. 

The obtained sol B had a final molar ratio Si0 2 to 
30 Na20 of 9.8:1 and the particles specific surface area, 
measured after 1 week, was 980 m 2 /g. 
Example 1C 

A water glass solution was ion exchanged in a column 
to an acid sol having an Si0 2 content of 4.71%. To 500 g 
35 portions of this acid sol varying amounts of water glass 
with an SIO2 content of 22.8% and Na20 content of 6.5% 
were added. In the Table below the specific surface area 
for the sols, measured one week after the preparation, and 
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the final molar ratio Si0 2 to Na 2 o in the sols are shown. 

Sol Amount of water- Specific sur- Molar ratio 

g lass 2 face area m 2 /q SiO -?:NaoO 

C1 55 960 io.l 

5 C2 65 1020 9.1 

C3 75 1060 8.3 

C4 90 1120 7.5 

C5 100 1145 7.1 

C6 120 H75 6 .5 
10 Example 2a) - 2d) 

In the following tests the new sols were evaluated in 
the production of paper in combination with cationic 
polymers . 

The dewatering effect was evaluated in a Canadian 
15 Standard Preeness (CSP) Tester according to SCAN-C 21:65. 
Additions of chemicals were made to a Britt Dynamic Drain- 
age Jar with blocked outlet at 800 rpm for 45 seconds and 
the stock system was then transferred to the freeness 
tester. The dewatering results are given as ml CSF. 
20 Example 2a 

In this example the dewatering effect of sols A and B 
was investigated. The stock was a mixture of 60% bleached 
birch sulfate and 40% bleached pine sulfate. 30% of chalk 
were added to the stock as filler and a stock with a 
25 concentration of 3 g/1 was then prepared and to this lg/1 
of Na 2 SO 4 .10H 2 O was added. The pH of the stock was 7.5 and 
its CSF value was 310 ml. As cationic polymer in the tests 
cationic starch which had a degree of substitution of 0.04 
was used and added in amount of 5 kg/ton, based on dry 
fibers and fillers. When solely cationic starch was added 
in an amount of 5 kg/ton a CSF value of 360 ml was ob- 
tained. In the tests shown below the cationic starch was 
added before the sol. As a comparison a commercial silica 
sol as disclosed in the European patent 41056 which had a 
35 specific surface area of 500 m 2 /g and molar ratio Si0 2 to 
Na 2 0 of about 40:1 was used. 
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Sol A 


Sol B 


Commercial 


CSF 


kq/t 


kq/t 


sol kq/t 


ml 


0 .25 






460 


0.5 






490 


0.75 






495 




0 . 25 




425 




0.5 




455 




0.75 




470 






0.25 


390 






0.5 


420 






0.75 


435 



As evident either a higher effect can be obtained at 
the same dosage or a much lower dosage can be used to 
obtain the same results as with the commercial sol. The 
15 values shown in the Table relate to sol A and B as after 
storage for one week. After two months storage the sols 
gave corresponding improvements in comparison with the 
commercial sol. 
Example 2b 

20 In this example the effect of sol A in combination 

with a number of different cationic polymers was inves- 
tigated. The cationic polymers were: cationic guar gum 
with a degree of substitution of about 0.12 (GUAR), cat- 
ionic polyacrylamide with medium high charge and high 

25 molecular weight (PAM) and cationic poly (diallyldimethyl 
ammonium chloride) (Poly (DADMAC) ) . The same type of stock 
as in Example 2a) was used. However, the original CSF value 
for the stock was 255 ml. The cationic polymer was in all 
tests added to the stock before the sol. A comparison with 

30 the same commercial sol as in Example 2A was also made. 



GUAR PAM Poly (DADMAC) Sol A Commercial CSF 

kg/t kq/t kg/t kq/t sol kq/t ml 

2.5 310 
2.5 0.75 375 

35 2.5 1.0 400 

2.5 0.75 335 

2.5 1.0 350 
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GUAR 
kg/t 



PAM 


Poly (DADMAC) 


Sol A 


Commercial 


CSF 


kg/t 


kg/t 


kg/t 


sol kq/t 


ml 


0 . 5 








330 


0 . 5 




0 .75 




415 


0 . 5 




1.0 




435 


0.5 




1.5 




430 


0 . 5 






0 . 75 


350 


0 . 5 






1 . 0 


360 


0 . 5 


0 . 25 




1 . 5 


375 
270 




0 . 25 


1.0 




335 




0 .25 




1.0 


295 
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Example 2c 

In this example the dewatering effect of sols CI to 

15 C6 in combination with cationic starch was investigated. 
The stock was a groundwood stock with a concentration of 3 
g/1 and a pH of 8,6, The cationic polymer was added before 
the sol and the sols were about one week old at the tests. 
Without addition of chemicals the stock had a freeness 

20 value of 180 ml. With addition of solely 7 kg/t of cationic 
starch the freeness value was 265 ml. When 7 kg of cationic 
starch and 1 kg of sol, the amounts being calculated as dry 
on 1 ton of dry fibers, were used the following results 
were obtained. 

25 Cationic starch + Sol CI: 320 ml CSF 
Cationic starch + Sol C2 : 323 ml CSF 
Cationic starch + Sol C3 : 323 ml CSF 
Cationic starch + Sol C4 : 325 ml CSF 
Cationic starch + Sol C5 : 330 ml CSF 

30 Cationic starch + Sol C6 : 340 ml CSF 

To the same groundwood stock as above 0.2 kg/t of a 
cationic polyacrylamide were added and a freeness value of 
225 ml was then obtained. When the corresponding amount of 
cationic polyacrylamide was used in combination with 1.0 

35 kg/t of sol C2 a freeness value of 235 was obtained and 
when a combination of cationic starch (7 kg/t), cationic 
polyacrylamide (0.2 kg/t) and sol C2 (1.0 kg/t) were used 
the freeness value was 390. 
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Example 2d 

In this example retention properties were evaluated 
by means of a Britt Dynamic Drainage Jar at 800 rpm. This 
is the conventional test method for retention in paper 
5 industry. 

The stock was made up from 60% bleached birch sulfate 
and 40% bleached pine sulfate- 30% of chalk were added to 
the stock as filler and it was then diluted to a concentra- 
tion of 5 g/1. Then 1 g/1 of Na 2 S0 4 .lOH 2 0 was. added -The 

10 stock had a fines fraction of 37.2% and a pH of 7.5. 

The sol (C4) used in these retention tests was sol C4 
according to Example 1C. The dosage order for the chemi- 
cals was cationic polymer followed by silica sol. In the 
test when both cationic starch (CS) and cationic polyacryl- 

15 amide (P^M) were used these were added in this order. 
Comparisons with the same commercial sol as in Example 2A 
was also made. The results are shown below. 



Test CS PAM Sol C4 Commercial Retention 

No. kg/t kq/t kq/t sol kq/t % 

20 1 8 - 43.5 

2 8 - - 0.75 72.0 

3 8 - - 1.0 78.0 

4 8 0.75 - 81.8 

5 8 - 1.0 - 84.7 
25 6 8 0 .3 1.0 - 92.2 
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Claims 

1. Silica sol, characterized in that the sol has a 
molar ratio Si0 2 to M 2 0, where M is alkali metal ion and/or 
ammonium ion, within the range of from 6:1 to 12:1 and in 

5 that it contains silica particles with a specific surface 
area within the range of from 700 to 1200 m 2 /g. 

2. Silica sol according to claim 1, characterized in 
that the sol has a molar ratio Si0 2 to M 2 0 within the range 
of from 7:1 to 10:1. 

10 3. A process for the production of a silica sol, 

characterized in that a water glass solution is acidified 
to a pH within the range of from 1 to 4 whereafter the 
obtained acid sol is alkalized to a molar ratio Si0 2 to 
M 2 0, where M is alkali metal ion and/or ammonium ion, 

15 within the range of from 6:1 to 12:1. 

4. A process according to claim 3, characterized in 
that the alkalization is carried out through addition of a 
water glass solution. 

5 . A process for the production of paper from a 
suspension of cellulose containing fibers, and optional 
fillers, whereby cationic polymer and anionic silica sol 
are added to the suspension and the suspension is formed 
and dewatered on a wire, characterized in that to the 
suspension is added cationic polymer and a sol which has a 
molar ratio Si0 2 to M 2 0, where M is alkali metal ion and/or 
ammonium ion, within the range of from 6:1 to 12:1 and 
which contains silica particles having a specific surface 
area within the range of from 700 to 1200 m 2 /g. 

6. A process according to claim 5, characterized in 
that the sol has a molar ratio Si0 2 to M 2 0 within the range 
of from 7:1 to 10:1. 

7. A process according to claim 5 or 6 , characterized 
in that to the suspension is added sol and a cationic 
polymer which is cationic starch or cationic polyacryl- 

35 amide. 

8. A process according to claim 5 or 6 , characterized 
in that to the suspension is added sol, cationic starch and 
a cationic synthetic polymer. 
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9- A process according to claim 8, characterized in 

that the cationic synthetic polymer is cationic polyacryl- 
amide . 
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